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ABSTRACT: 

PURPOSETo effect an accurate positioning with simple constitution even for a wafer in which 
position detection in LAS method alignment system is difficult. 

CONSTITUTION: Diffracted lights L1(+1) and L2(+1) are casted on a grating mark 19X on a 
wafer 18, a heterodyne beam LC consisting of + or - primary diffracted light from the grating mark 
19X is detected by a photoelectrodetector 25C, an envelope line signal SCE is detected by an 
envelope line detection system 26 from the beat signal SC output from the photoelectrodetector 
25C, and the coordinates of the middle point of the envelope line signal SCE is obtained to 
roughly perform alignment. Then the phase of the beat SC is detected by using a phase 
detection system 15 to effect fine alignment. 
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tiLtZ1tlb<D&m\Z&KT, 

fsrtir«to, flt«a*H^«^-*fr&i#xtt* 

»Eia«*?tt^-*frSH-#l&fc»£rs3fcJ|t©d> JO 

<g^©#ft saw*- sficffl^m^a * «tt, 

©^eftitiss-r-5 j: i tr*4m^*>« 

SB. 

^fcJttr 1 »XtttMft#flWWttt, WIBm l **©- 
1 *3tt»tf«IIEJB2Jt#C!>+ l^c%J:Dftft lttCDjtt 
*, WB»13l6*©0*«Rl««B»2)|fiJltO+2** 

ioasi noym, mmzm^m i ft*©- 2 
imeg23fti(©o^J;D&&itt©%ttT*D. w 

#^n-s 3<a©e- h@^©-en-?n©^^ft^iti-r 
set ■zmmttzffiim. 1 x« 2 E«©&B-&fc<-BS 

B. 

1. 2Xtt3E*©ttB'&;btfSB. 
[0 0 0 1] 

•^©teWSfc-ttSBtliyU ftte¥3f#$TX«fi£ 50 
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©s«x« v x ? ©&ts-&t>-a-ftfT 3 7 7-r * > hs® 

[0 0 0 2] 

[«£*©&*!$] iifi¥> HM*#B*Xtt*»3t****© 
miMA*->£¥*#9XAXtt#7X:7>- h$©» 

IS (KT. -fciti/r rsxnj ftfflv>-5) ±t:»*t- 

Sfc&fc, 7* hvx^XttW^^ (BIT. -WtU 
T tlsf-itfrl £fflV>5) ©/t^->ft7* HU5>Xh 

mm * ftfc >>x a± c^-r a bxsb tfftjg * nx 

*->ftffl*»teTfl*j£;*n-5fc*» »3fcSBfctt, £ 
^rsug t ^;p©A^->t©(iff^t>-e- (77-f^> 

h) ft^atfr5fcje>©75-f^>hg|g*TOe»n 

[0 0 0 33 «*©75-f *>NS1<1:UT, 
if 2-2 7 2 3 0 5^&?8, Xtt#BB¥2 - 2 8 3 0 

(JWT, TLSA^j ©77-f;*>b& 
-f.*>f* JSC'S V>Ttt, #MB6 0- 1 3 0 7 4 2^ 

«Tt>JMinrii«anTv»*. 

[0 0 0 4] jfc-f, LSA^©77-f^>hf«l 

S l 2 l£7RT«fc 5 ic, ^x;\±(cfffl*[6] (rnftx^ 

flits) fc#UT»tfcY:Wl <#ftM#A) fcBrft 
tf v f-t^M 3 tlfc H v h A ^ - & /ji ^ X A V 
-i> (75-f ^>h"7-^) 41Xt, 79-f^>h* 
*69XA±fcJHWSnfcY*ftfc|efiViX#s; h^4 
2Xt**»WK**-r*. -tUT, ^XAV-^4 1 
XiX^ry h3t4 2Xt^aiy&t€fC, >^XAV- 

^4 lX*6W3fe©*lftlfc58ft'r*Hllr»*lWaU M 
A«-e©@Sf^©5ft«^tf-i't&-&tt@ft'?XAV- 

i7 4 1 X©{i^<!;bT&ajU 4 1 X©fi 

Sftj9ta©fig(Clg5tT^. EP^. COLSA*JtT 

tt, ih-9iUUf(JC<ft-9T^«. 

[0 0 0 5] -13. 2^>Rat-D^>W^5S:©77 
-Y^^h^lC^V^Ttt, He -NeW— !f««)3t 
-W>h^*^©^tf-Aft24>SlIb ) C©2^ft 
^n^n^§)t^ilS^-7T^ic^iSLT^©^K 
IS^ft4A.&. -€-UT, E13C^-r±5»C, -?-©J;5 
tC^©^iS[Sc^ft##bfc2^4 4&tf4 5ft, 
X A JiTX ^rl&] IC tf ^ P tilt <>X AT- ^ t 
LTWIHtfift-TV-J' 4 3 X J;fCB»f^©35!SATRaifr 
*VT, H«r<H t V-ir4 3X*»&ra— 
m©leltfr^, BP^*44©+ 1^4 6Rtf# 
f4 5©-1^4 7©W3t KfD^>e-A) 
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Hit?.. £©«£, laltlT8HPv->M 3XttX#|fi|fclf 
^^PT^fi£^nT^SfcJe>. X#6n?±P/2&j8*. 
S$8m?«ffi@&fc5STi*ft<fc£. BUS. 2#J|Cvf 

[0 0 0 6] ft&BLSA^itt. 
*S©75^ J* > h*t<t t) OXA©:/U 77-f ^ > h 

2 at a ^ >^*S;© 7 7-1 *>h%\z£.Qy 

[0 0 0 7] 

[^W»ftL.J:5frsllS] ±IB©<fc3fcSE^07 
5-f ^>h^STB, LSA*JC©77-f^>h«t, 
2 ftsfCs^a^ >Ti^^£5^;©77-1• ;* > l-^taWB 

4 1 XRCflaJSTte? 4 3 XRt, «>IA±tEIfl^ 
^-^iLTJt^ttT^Srt*. LSA#i£©7 7-1';* 
>h*T«, T>XA«ffi©JI!n#*#Ui§&, XB^X 
AT-? 4 1 X©8S*tffi^#&K@tf#©3a£At|rF 

&H2&ft*t*o;fc. z. ©lg£r I' 3E 2 JtS'xx a ^-f > 

ttjfcSHfM&^sr-* 4 3 X©t^PfcWnfc&B 

•#»■ 

[0 0 0 8] ^SSWBJUfJi^^fcje*-. LSA#i£©7 
5-f / > h^T«ft«fcffla<B«fc9XA«::*fLTt>> 

[0 0 0 9] 

[^SS^fSfcJ&©^S] *38WfcJ:*ffiB&b* 

mm\t, mz.\*mi*~®3\z7jkTk?iz, mm a 

fc@*f»^«T-ir (19X) «]Jfa«!)<jttlfc«S'r6 
lfttftB2X* (LK+l), L2(+D) £84Mfc (1 

8) Ji©leJ*ft&-T«-7-;9 (19X) fcBfSOSftftT 1 

mwrsiifccko. -e©i5iw^ttv-?^e,ijtx 
ttWW#o*n*nw-*ftK:jit«t* (la, lb, 

LC) ft»^a-&6JHItJtt** (1~9, 17) fc. HI 
*MMPttV-ir (19X) * 6 W-*rtlC»4f*3ttJlt 
©^tt<£t>l»&%tt&*tU?£--Mre (SO <£ 
**-r*3t*»Bl^B; (2 5C) iS^TT*. 
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[0 0 10] JEfc*»W4, -£OJHM%9ft*&*MM 

(i 8) ±fcw»an**i»tf»2 3tJKt*«ifc (i 
9) &*ttttf&£f»ib3tt«ti#£&¥8t (2 0, 2 

4) ttm&w^a (2 so fr&uttsnstf-h 
«*®ai«s«mT-5fiiwwftai*R (2 6) 

©*#3fe3aE#afcJ:D*n6»lRtfl823l6J|tt»|fc«i 
(18) fc***tttfciM»3tffc«fcfc. &&«i&tii# 

a (2 6) c*04ftta3n*{aift»oi/^fl4Wjf5t©Bi 

jo 9x) ©a^(*BS:^aj-r-&aftB«ia5^a (2 3 b) 
t, c©&4im&tt¥§b^&©ttft£&ft>T{-©4i# 

£3S3Ha&fWfl|-f-5tt»^g! (2 3A) ts#-rst>© 

[ooii] n©*§-&. %tt&m?gfc (2 so *&tu 
* s k- h<i^©{iffl^ttm-r-s&ffl^tu^a ( i 

5) sait, tt^a (2 3 a) a. a^g^ta^a 

(2 3B) *>6©ffl*C«^V»Tffl»^aE^a (2 0, 
2 4) SffflUPLT, HJHfc^ttV-ir (19X) ©&B 

a) (is) *&©wftic£:*vvctt*ft&E?« (20, 2 

4) fttW»LTig«*?ttV-* (19) ©«W&ttM 
[0 0 12] BffttTttV-jr (1 9X) jS»6* 

©»i3KJit©-ij«t <lk+i,-i)> sweeps** 

©+ l#3fc (L 2 (+l,+l))«kD&* i#©3te*: (L 
C) . *©fg 1 3fc$© 0 J*3tt (LI (+1. 0)) &tf*-©|g 
2 3fc3fc© + 2 ;0O£ (L2(+l,+2))«tO&Sl^©3t* 
(LA) . ttlft:*-©jl!lX*©-2&% (LK+l,- 
50 2) )&#•¥-©$& 2 ^©O&ft (L2 (+1,0)) iO&S 

i*t©#* (lb) -ra&o. £©«^. filMMfttU^a; 

(2 6) TB, «n6 3jt©3tt*ftjeMaHbTll&n 

*3«©tf-h©^ (sa-so ©-tn-en©&K&K 

[0 0 13] JEfc, ffl^Tfelf^a (2 0. 2 4) fcA* 
[0 0 1 4] 

40 2 3t*©BB»««*04 (a) ©®J® (3 5X) tTS 

t, MIMM (3 5X) CttAfny-f >=F»KJ:9tt 

(3 5X) fc»bT*»3fe**BSiMxT. 04 
(b) ~ (g) l'*fJ:5(ri5l*fl&-7«V-i7 (19 
X) SX*[6jlC*ji-rSt, R8W«« (3 5X) tIDSf 
ffr^ttV-? (19X) t«»l&oTH5fi«T?0*S 

»rtcwKi#xtt*iw*©ia*fje (la~lo *t 

S5*-r*t*lC, Cft6 1#XBHfc«©ia*r3t (LA 

~lo tt■tn■€ ^ nf5f^£©^^^s:^*^-^'•5'\xa^•1• 

50 >tf-At?$>5. 
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[0 0 15] t^-v, mMteonvinvmvift. (l 
o sxttRtt^R (250 \z*.Qim$m-tzk> 

m5\zm?<ko\z®$i& : f-Vi.-?-? (19X) ©&gx 

3. ::©k*-hffi^ (so z&imtkmm (26) 

EI6t;*-r«t5fclf-h^ (SO © 

ss&i&ifc&jfc-fsfs^ (sce> *t#sns. a 

ffiE&tb^a (2 3B) Kfcl^T, *-©<§# (SCE) 

t>m?L\m%.<DMmi"<)v (Atw s»,^xbs 
[0016] £©*§-&. ft~rm%.<Di%m&<z>¥-hmn 

(SO ^(U-rai'SlCUT^Sfcfe. 3t^g-e<ot> 

V>„ ftffif§«aj¥S (2 3B) T?ttj£l-»i)— 

iTIUMfttV-i' (2 9X) ©ft»£&Un?#£. 

^(C, SlC3t^tii^m (2 5C) A^w^sn-st*- 

(so co&«4^wr-5ta:ffl^ta^®: d 5) 
zmwz®&. lagf^^v-^ (29X) ©tr-v^£ 

PtlT, fiffl^ffl^ (15) Tttltiffl^lnJ^bT # 
^^±P/2©tSBWT*©lHm&^T-* (2 9 

X) ©fsmsflStt&fc&tii-ei**. 

[0 0 17] fCT, ffilffll^a (2 3A) «, 

ta^a (2 3B) *^coa*c*^^Tffl^s*s 

(2 0. 2 4) *«f|LT» glUTte^T-? (19 
X) ©<*B£tt®l#fttC#LTmtf±P/2©i»&T 
;*>hL&&, teffitetH^g: (15) *>£© 
ttJ^cS^TffiJt^St^© (2 0, 2 4) SIILT 
IHiff#HMfc-?-£? (19) ©ffie©7T'f>075"f^ 

-So 

[0 0 18] IsItfr&^ttV-? (1 9X) 

13£S©- lJWtt (L 1 (+l,-l))RDt^»^2 3t^© + 
\Wt (L2(4l.+l))«k5fcS12f©ft* (LO » * 

©as i ttsc© o (li (+i, o) ) mftom 2 #*© 

+ 2&3te (L 2 (+1, +2) )<};»)££ !#©;}£# (LA) . 
ftmzZrO)® lftjfc©- 2Wt (LI (+1,-2) )RlR-© 40 
S&23fe*©0&ft (L2(+l,0)) AD«t*l#©3lt* 
(LB) Htfrte-TttT-? (19X) ©g; 

2^©^^<t%,-*©!Sfl!«sin. -eciT. -iene 

[0 0 19] |S<|2l^-r«t^fC. &&<8l±©l§I#r 

te^ttv-? (19X) ©fflft&A <Kyy*fl) SX 

fl*f|¥gt (2 3A) »i«»jfeaE¥R (2 
0, 2 4) LT, tt««±0>2X]|ta)HUtff« (3 50 
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5X) tHWHKv-* (19X) £ex#A£ffltt 
WC*2ELTeS'&t>i3-*fT5. X2f|filC£|ttft 

y^T*)**n&ia*r»^«v-^ (19Y) Icg^H 

Tfr*>n*. flu x^(B)»cm«ti/?T?^^n&isi 

(19X) i, tttt«M:©2%Xg>jBM 

(3 6X) t&Y*ifi]fcffi*fwic^jieLT, #<sn 

* f- bm#©Si6&*Sa<ft*£:fc3&E£ttai-f -S Z. t 
EWMfrTtt"?— 0 (19X) ©Y*[6j©a^(4 

[0 0 2 0] 

[%itM *%w\z&z&M'ert>iimmo-mm 

«fc-3*Hl~Hl O^m/TRWr*. HI fit, * 

L. r©Hlfc*^T, He-NeP— <J*#gl!&>&3f 
til S tlfc&g A. ©ft* L *V\- 7 5 5 - 2 fSI^ D ft 
ft©»l©Jt*LlRrX»2©3t*L2fc»»|Sn*. 
ilKlAH6 3 3nmT!&5. fcBA©ftJfCLfJ, «7XA 

±ta*3n&7* h Mf^©JS8fc14#»V>3rT? 
3tt£«*.fif 7 8 0 nmXli6 9 0 nm^©jfcft©ft3i 

[0 0 2 1] *n&2ft&©ft. JglfflMLlll Bf 
J6 © AW A 0,,-vmi 09 W^XMSK? C61T. r A 
OMj tlr»5) 4 AC Alt U ®2©^mL2t±, 37 

- 3 \zRm-ztirm i ©3t*L i tttmizx&ift e i . t 

®2©AOM4BICASfT-5. 35 1 ©AOM 4 ARtfSg 
2©AOM4Btt, ■?-n-? r n^ai©'JW-V'>X7RC; 
9©3tHAXfcHLT3l£*ttK:#*K:EBSnTH«. 
C©i:t©A»^6>in«. ttfiA ©^fcjttLTT?**^ 

4BICB, -en-^nttlttAXiCttLTrtW'x 

7*3.— f*tt, -?"tt j en©l^>X7 i :x-D-£S 

v»ica^i:j|]k«mi[ftf i Rtjtf 2 «f >)~cmm? 
cntr«to> aom4 AR^BCgjc-en-^n®^ 

i6t<kSmS»[*^^Sn^. AOM4AR(^4B|*g© 

iB**©***©^^^ mm s^ti^nA, r^a 

2 t LT> AOM4ARt;4B|^©jS«^©>iIg*vt 
[0 0 2 2] 

[»1] Ai =v/f. , A 2 =v/f 2 

*w©jewK©^KS: f i , f 2 \t&wzmftiz&ti.zt* 

\lT&Z>£?Z>t, (Ai *?A 2 ) tff&9ti.-Z>. *Z. 
T, bf^/^A, &(^A 2 ^©cfcdir^arobTs'^AT 

[0 0 2 3] 

[»2] Ai %A, A 2 =A 
■€-©^l©AOM4A|Aj ©S^Sfc ©msBft ± 0 IfiiJr S 
ns^K^&^pss^ ^»ESIF 2 ©^1©IJU- 
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-U>X5AC<£0#iiUl'-U>X7©Bffi (7-'J 

m7-<)V9-6 ASrffiggt, ^IBj7-< ^-6 A(r«fct) 

;U*-6 A£S>iLfc+ 1 #Hl#rftL 1 fu&B5 

[0 0 2 4] CICDSeiC, 'JV— |/>X5A6D3t^±IC> 
3?l©AOM4A W T A W7t*^lsl*f 3 n 5 -5 *> 
©ttT. 'JU-V->X5A©3teffli:*jl , JU'-k>X 

tlT^Z. W6. ^ra7^;i/^-6A$Mi@bfc|5I*r3fc 
L 1 (+1)©'J U-\s>X7 tDffl6±-C<D&m\Z.t3. J t<D* 
y±y h € #1111*. Stress. he 14. 'J 

I/-l>->X5A©J&j&H3ftF2 tilOAOM4A'\© 

[0 0 2 5] 

[ft3] £=F 2 -sine.. 
— jSf, *2®AOM4Bft®]B*tt<!>&ttftCJ:DB*r 

Sn«%feftMcJM£9tt. JBAESFi ©US2©<J 
U>X 1 0 B fc«k D*ffl'J Wl">X7 ©Igffifc'J 

^ffl*iH]jf3ts;ii»f-r 2 ©£na:7 ^ 6 b &e 

t8:T5. £fifl7^*-6B£M$Ufc+ I&IsHJt^L 
2(+l)WU *a'Jl/-l/>X7fcflW»:5. Z.<DWZ, u 
U- l^>X5B©^$ftJ:lC, S2©AOM4Brt7A» 

B©fttt<k&»U V-I^>X7©ft«)£©|fflfcfe, 

(3) ^T'«$n-5*7-fey h S 

[0 0 2 6] *a'Jk-W>X7^SltlJiSnfcIslWJt 
L 1 (+1)&C;L 2 mWMW 8 ©BBPftT^L 

CjSgttfrftX'JXA 1 0 (0 1 T«tf-AX7*'J 
-©«*«•?& LT& £) KAStU jigftftBlX'JXA 

i o-eR»$nfcisi»f^«3 l ei'>xi 

2±©0«Hft* 1 2 a±fcBfffi©«jlAT?!i«' 
2*1*. *n&2t3©|aWr«©#JH»^«l 2fc:>t*T£ 
Atteli. B*ftfr?l 2 a#>60l9*r%L 1 (+1)©- 1 

Rina*f*L 2 (+d©+ i ^mvmnfimm 

«*nxv>*. £tt£l#©±l*|slifr#«};r>&£'\T- 
ft (fi - f j)©#Ji£-Ht-»|SRft. ffijafiJit©* 

(ft -fi)a>A>H/xx7^JW^BK (b 

P F) 1 4 S^lxTtt«ftW* 1 5 fcftlWft. #fi8tf 
- hffims R©ttffi*i7lA2 0©<ftg&ffl©£«|S<»:& 

CO 0 2 7] ST, «S*»«^UXA1 0««Bb& 
H*r3tLl(+l)RtfL2(+l)tt, j£/KffiSSF< (D®1<0 

»»u>xi 7fcA«rra. nmv>xi sicAiruk 
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@*t#l i (+i)fttfs»f3tL 2 (+i)wu ^n^njajf^ 

SX^I&JtTS. -ecO<t5{CAOM4 A, 4Brt0#ft 
tt0*f««TH*f3*afc**ft, 0#r»^V-£ 1 9X 
±®B-jftfcM»T*fc»fcl4, AOM4A, 4- BOB 
tff«« (HttkaffABK) tDX/M 8©»*BtS 

i# *fttrntfA^. *i©AOM4A©igiff 
wwxai sonxMt** yu-i/>X5A, * 

mVyX\ . 7fc|8bT*«fcBBL, IB2COAOM4B 
0>BtffflMt&*X/W 8<&S3teffii£, V]/—U>X4 
B, #*Ul/-l/>X7, *20#*U>X9, fttffc 

10*Mfcl/>Xl 7KHUT*ftfcBllTa. Efc. Si 
WK0 8©E«W4!>xa 1 8©K*Hi*(B:T?**. 

[0 0 2 8] £ Ul/-l/>X5A, 5BOji/S 

SESIF2 , *aUI/-I/>X7©«jaiBliFi , 852© 

j&BBF* Sffll^t, AOM4A, 4B©Hifr««A^ 
8CDB)tB^<J[)ft«*TB (Fi /F 2 ) (F 
4 /F 5 )Tfc£, StC*«iJTtt> &fiA©IeIST3tL 1 (+ 
1) fttfL 2 (+l)©H*f»?T-jr 1 9 XKttTftAIM 

^en^n^- 1 3fcei*f *l i (+i, -d + 1 
tffjtL 2 (+i,+D ifimftm^-!? 1 9 x*saii[±* 

4A, 4BfcA»t* Z>tZ<D®1tifi&d\ t?Z>£, & 
30 ftifl&titt So 
[0 0 2 9] 

[»4] s i ndi. + s 1 n0i =A/A 

ttfiA©2^3fe**tA»a*i R^AWft-(/>. 
Tbfy^POHJrft^-^ 1 9X^A*fUfci:^iC, 

HSrtt^v-ir 1 9X*6a»±*fc± lABff31MW 
[0 0 3 0] 

CSt 5 3 s i ntf>i =A/P 

21 *MTSAOM4A, 4B©B*ffli«fc*7 

40 ±y bilfi&LZtVTK&itlb* BSfft0» tA»ft* 

[0 0 3 1] 

[»6] s in^i = { (£+F 2 -s lnfl»)/Fi } 
(Fj /Fa) 

= (Ft /Fi) (s 1 n0i. + s 1 n0i) (Fj /FO 

= (Fa /Fi) (Fi /F«) (A/A) 

-© ok 6) ovmmiT. (ft 3) «4> z®. 

fflbfc« -tUT, (ft6) S (ft5) tit®tZ>ZtlZ 
50 [0 0 3 2] 
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9 

[&7] 7= (Fi /F 2 ) (F< /F 3 ) = P/A 

AOM 4 A, 4Brt©*B^aj©tr^^Ai©Jt©®lC^ 
L<S»Tf«Mi&Hi -S^Sl^^t, AOM 4 A, 4B 
(^©jS^W^XA 1 8©K5£|ffiT*©&(S!«©fc: 
(= (Fi/F 2 )« (F4 /Fj)A) te. [slIJrt&TV-? 

[0 0 3 3] ±3i©gftM€— HSHbLT. Ultff&T 

v-^i 9x*e>^ia±*icitm-r-5±n*ia*f7te (n 

= 1. 2, 3, ••••) £&fflT£*>©t-f-& 1 »:. i0 

[0 0 3 4] 
[»8] 

7= (Fi /Fa) (F4 /Fa) = P/ (n ■ A) 

[0035] &\z. 03 a. miommvyxx mm. 

ElJr^V-^ 1 9XC#UTaifi[±*K, HJifrftL 1 
(+1)©- 1^@^L 1 (+1,-1) &tf[5JiJf)fcL 2 (+1)© 
+ 1 ^laltlf^L 2 (+1.+1) ck Oft-S^xD^ >tf-A 

TSHifBtL 1 (+1)R#L 2 (+l)©ROISD*t^$tXT 
V>5„ £©«-g\ MtlsI*f^L 1 (+l)©Ajt*|Sl»cW 

•ei^as*,*.*:. e^l 1 (+1)©- 2xmfflth 1 (+ 

1,-2) Rtfim^L2<+l)©0*ftL2(+l,0)<fc0fc£ 
AxD^-f >t-ALB*Waj^n, OJf^L2(+D© 
AW^|fi]lc¥ffTa^^l^tC, HitrftL 1 (+1)©0& 
>tL 1 (+l,0)RtflililTftL 2 (+1)©+ 2^ls|*f3tL 2 (+ 
1.+2) J;D&S^xn;^>,f-ALCd*Wffl<*ft-5. 
[0 0 3 6] -tUT, cn^3^©Axa^-f>tf-A 
L A~L Clifg 1 ©tt&l-^Xl 7 *(ST(5«¥frtcSI 50 
gft#SSX'J XA 1 0 KAttU 3igft#iStX'JXA 1 
OTSW^nfcArny-f >b?-ALA, LB&tfLC 
j^ti^n? * h^-f a— Htt^&&*ftWfcftUR2 5 
A, 2 5B&&2 SCCAITfS. cn&3MMftfHS2 

5A~2 5c©f3tnt f&KDnmvyxnvwm 

BLLicBwstu 3tttttffi«2 5 a~2 5 cti-en-en 
^7-ay-r> tf-A l a- l c &ytw&&vxm$i&w 
S«(fi - f 2 )©k*-i-m^sA~sc&tH+j-rs. 

[0 0 3 7] ElllCKD, *HJS««1©^XA 1 8tt, V 40 
X/\7.f—P2 0±IC^$n> >)I/Uf-i ! 2 0© 

±^7ic«. ^la^T&sa^x^&tf;:©^?./!'© 

Eft SMITHS. i)IAXf-^20H 

U- k > X 7 2fctf 8 ©Jttt A X l£¥ff fc Z -fifolZ '> X A 

1 8 £(*fg&«*-f£ Z Xt- v>> ^©ftfftAXlCigiifc 

ft Y #1$ <h XA 1 8 3 * £ X YXf-^* 
ntV>£. ^©)t«AXtt>FS^©«^^ 
©Jt«l<i:WX?<t55. 5(9 



1$l8¥7-24 8 2 0 8 
[0 0 3 8] ^IAXf- y2 0±ICttL¥l!© 

#s*^2 i^^n, ^sstcfga^nfcxifftRtXYifa 

©W-1fTOM|-2 2££»*t2 lfcfc,fc9, flAXT 

-•/2 owxffi^i^Yffi^Wsi-jifjsn, swan 

fcfiSfM*£fl«fl* 2 3AlC#tJ!ft$nTV^„ £itNS«2 
3AH «jt8$nfcM#ICS^T^XAXT— ^S) 
f2 4^lT'7X'\XT-i?2 0 ©fMhffiS&MflrT 

[0039] **]Si«»i©ffi^s.^c^#iKgi3-r 

5 , jk.zt&tmikttim 2 6 £##n. &*atftm& 1 5 t 
h ^ s r ©&*n (c^-r s if - h s a~ 
s c ©iaffl©-rna^^mL.. &t&mmm 2 6 ratf 

-hm^SA~SC©^«©iSi|@ (U"^» fcfcfflf 
3. M#:WtC. &fB&W& 1 5 K4S«»T. hf-Mi^S 

A~scs^n-^nffija«*s©^i>^ife»^ (fi - f 

j)©A>HA*X7^Jl/^gIB (BPF) 31A-31C 
fciftii&U A>HAX7^;i/^leIK3 1 A~3 lCT^F 

GfrfflJt«88 1 6 A- 1 6 C©Jt&tf&©AftS8 : PI::#Sa 
U fiffiitiiSg 1 6 A~ 1 6 C©S*^©A*iST 
IC, A^FMX^^iUjS&l 4 £tf-L;t#!!tf- bfi 

#sR£#&t 

[0 0 4 0] *LT, &ffi)t&3Sl 6A~1 6CT?tt* 

n^n#Rge-hm^sR©ft«ssiiatLTv if— h 

fi^SA~S C0>im<D?n&ZJtlsbT3 : MW%: 2 3 A 

ic^-r^. i*n?iK2 3ATit -en6i%ffi©-rnfi 

^6III*f*&T^-^ 1 9X©SipiSiltCfcV^1-SX*l6l 

^©rnfi^^mu yy^xDTy-i^ymiz^- 
<D-rnmififfi%.<Dffm®mMz<&.$iz>j:5\z. ^mx 

f-'/2 0*K«JL'T>?XA1 8©&^©Si^S&?T 

[0 0 4 1] c©B5, tt«1*natttx ±i^lHl*TJtJ: 

t+ 2'Am^t^r)-/l^y L a^-( >b*-ALA-e© 

as-rns. jirxo^t- 2^|p]^ctj;D^-5'\T 
□^-oif-ALBTwaii-rnaroso^*^.. 

- hflf# s a~s c©i^©s NitiAm^mzim-r^ 

[0 0 4 2] Z\(D®&, &ti.Z>'A®.<»\BlttytT'teZ:n? 
ni)IA 1 8*^©Wm^^H^oTV»-&fc(*< »yXA 
1 8±tt7* hW^Xh*^^I$nTV>^«'&IC. <gir 
± 1 &l5|$ffta<7 * hk^X h©l«KT^tCi ®<ft. 

oTfe, <a©^»©niiw^tt^-fbt>7*hw^xh© 
gxiwiA 1 8±Kiaa©A^->T?^fiK3nT^5 

©^(CiO^O^oTfc. tt©*&©[Hl»f3tttiiJ-f L 
■fe^</5:e^V>. ftoT, WSMFf"*-*? 1 9X©g:^ 
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nmmzvx/M b (®$i%-T--?-{? 1 9x> ©&g& 

[0 0 4 3] fifc. Qtmfottim 2 6 fcfc^T, k*-h 
m^S A~ S C *-en-e'tlfH*«HS«eisl?ftS:*T^A 
C#s/7*U>^laJI&2 7 A~2 7 C^LT, n-AX 
7-<;l/^0liS (LPF) 2 8A~2 8C(C#t*&-r^>. A 
C*^^U>^[5lK2 7A~2 7B«. H«D£#£ffllL 

-r^&tc. (ft -fi)<Dm}v>im&<D-hyv*7 
mmm* £U©#^&ffl®2i*5ia»&T*t5. a-ta 

X7^;P:?ll)rrftJt}LTfc±^l3Sr?&-5. MtC, n 
-AX7^.)k5'ia?&2 8A~2 8C©±ffi©*-> h:t7 
$&&fi 14, AC*->7 r U>5'|BlK2 7A~2 7 C© 

^JSWTtt. AC*77*"J>^IhH82 7 A~2 7 CIC<t 
01f-Hi^-SA~SC©IIj|^£K!*L. < D-AX 

7 ^ iuk 2 8 a~ 2 8 c \zx o -etvene- vmn 
s a~s c©3?^»<os«s*8m^*ttttj-rs. 

[0 0 4 4] a-/1X7^;W^lfiIK2 8A~2 8C*>^ 

ta a s s&8Mi# &*n-en7 ^ a ^/5*s» * iv 

(A/D) ^lftS2 9A~2 9CtC«if&b. A/D£& 
812 9 ARl/t2 9 BA^tll*SnS^i^i»«-^S AER 
tfSBE£ia»883 0-CiDgUTf§fcf§#£fflftS&ffl 
S2 3BK0M&U A/D^m«g2 9C^6W*$n^ 
S&giffi^ S C E §attg&fcB^ 2 3 B lr«*&-r -5. ffi 

T. HJrl&TV-i/ 1 9X©X#ft©a^ft@£g{tiL 
T£IWIi* 2 3 Afcflyft-f 3. £fW$S£ 2 3 A«. 
$nfc-€-©a^&ttlc2S^^T'^XA 1 8 ©7*'J 7 7-f 

[0 04 5] £:fc. 0 1 ©(i«"&t>-B-S@«. "7XA 1 
8£X#ftl;i75-f*>h-r5fca&«&eT&D, £X 

a 1 8£Y#iffiic75^*>h^*;fc#©g@fc#j&t§: 

tf&ftTl<>*. 02H, 3mii©^IA18±(Dy3 
y h®#©i£^J©-$£*Tifc*:0-<?£D. £ ©0 2 
*5^T> ->g y h«*£3 2 tY^lftJtcSMrt 5->3 V Y 
««3 3<b©n8©1ig*£ (XMJ-h«7-r» £X#|6]t£ 

->ay b«M*3 2 tX^(fi]lcR»-r«.v'3 >^ h«« 
3 4 t©ra©««(Ct)Y^|6jlrk^9 1 P'eiHl»f*&^V- 

S^t)*S»lC«fct)[5)Jf^-7-7-^ 1 9X©tp£©X$ 

*f<&-Tv-^ 1 9 Y©tjii©Y^s<*aib. cn^ 

m^tlfcXJ^^^Y^IcS^T^a 5; htmn 2 

[0 0 4 6] #;(;:> *HiSt»lt:*5ttS7* I J77-1'^>h 
-> 5 2 OSriBSdLT. 0 2 fc^-r«J:5fc2XA 1 8 ±© 



(7) W7-24 8 2 08 

72 

IsISt&TV-? 1 9X0»,W|«3 5XIC. @3r 
ftL 1 (+l)RtfL2(+l)J:03!t*3tt«fc«ltS**. 
©t& ">IAXf-^2 0 &^bX|5JSf^-7-^ 1 9 

xs-!sitffl^3 5 xi^urx-^injt^ac-r?.. 

[0 0 4 7] 04£#!ILT'?-©££©taH i £iftirf 
5. 04 (a) It ± 5 !'> «7XA±©iig*@«3 5 

XT«X*(n)iC^tl.5^^Jg^$n-5fc», 
*«IEKffi[!K©K«3 7 #X#|fi]K;|£ib-fS#:fca:& 

3. ^©^«i©^i!i©ji^tt. JiW^ns2^«©t; 

10 -hntemz^mmnvy^zMfitm-z-v&z, *© 
fiesta 3 5 xi:, ajfifrpv-^ 1 9x«5fs^n5 

^$04 (b) ~ (g) IC^fo £ ft &©«•£© OUT 
ft?-?-? 1 9X©Xffigtt, Kl©^IAXf-^2 
0©X&ST&5. 

[0 0 4 8] -t-UT, laUrft^V-i' 1 9 XtfHgWm&i 
3 5Xfc*^0i&«>££ (04 (b) ©X&&*tx, © 

aj$n*e«?)^. 121^^-^19x^1^^ 

3 5XK£<fifc£<2;, &W£n5[el#rft©ftS#ii;tjq 

5 (04 (c) ©Xffifl?*t X2 ©tfji) . Sfc, UStfg 
«3 SXiOH^ffe^V-^ 1 9X©*d»X*|nIfcj£Vi 

•^kb. !sw^3 sxtfrnrnft?-?-? 1 9x^ix 

^ICA^t (04 (d) ~ (e) ©Xffi®*ixs ~x 

4 ©«ffi) . ^aj$n-&e-h«^©si(@«fctt-^Jiini 

*T-^©<i*t-5 0 HK. @*fl&-TT-^ 1 9 X*t# 

shut. £©-?-£©s#»wsjt^«3 sx^&^n 

tf- hfT5f©»l6ttM'>£j!&a?> (04 (f) 

©xffi^d^xs ©a®) . mmmz®Vi&?-?-t; 1 9 

^0 XtHWfi)S3 5XtfflMW*<&5i (04 

(f) ©xffig*tx 6 ©4«s8) j^ui$n^if-hm 

^©fii|B«0i^S„ 
[0 0 4 9] 0 5«, 04l^-TJ:5CIilllf^ , V-^ 
1 9XSr^L-fci€IC#^n«>tf-h«^SC 

•eia-wibt, ± i&igjrft©tf-hfit^£&fflT 

3) S^L. ::©0 5lc:*5^T» «tt©xffigc©ttttiEl 

1 9XiMbfei^IAXf-y2 
0®X«g£3pl/r»«. *^»B0!ITtt. 01©^SSSI 

40 •c^-rfiiKiiifi^scES^aiL, ffli4B^ta»2 3b 

tCfcl^T, ^©^SJm^SCE©*^ 
©XJi^*^ ^-©«P'ij.Sfl9|if«^3 5X©X#|fi)© 

[0 0 5 0] •£•©&, 0 1 ©fiffl^Hi* 1 5 tCfcl^T, 

#fi« if- h fint s r ic^-r ^ tf- hmn s c ©ft«-r n 

^^IJSL. ±fWffll*2 3 AT«c©effl-rn*^^©fii 

1 ^©^XAT.^-^ 2 0 ©X^^iSKSfill'tfe 
ffl-TS. ^©Xffigl^*^T0 2©v3-/ h^«3 2 
50 *?g|^7^-;PF lriS5fe2 n-5. im?77-f>©75 
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(8) 



®$¥7-24 8 2 0 8 



13 



14 



4 *>Y-t>mj'rz, *mmmi^ *y-79*s 

•TC^Sd*. *56WS:TTR (XJl'- • If • l/?^) 

-r * > mrw;:, <4tt^m^i 5{cio^m^nfctf 

#3£T 9 X A X T— 2 0 ©ftg £ ftffp L -> 3 

y hfm3 2±\Z®ft*?TOZ.tiWZZ. 10 
[0 0 5 1] fci5> ftffi&tB&l 5Sffiffll/^fO^ 

<i y^mz^mm.mzr>^x\t. &RMP2 - 2 8 
30 1 1 ^iisgic&RjTKsnT^.s. jtyi©^ 

irftt <D*w%<?>ytmmmm^-v& % 1- \m s a& 

USB <D&famiMn S A E&tfS B ErofPM^KSca* 

AXtts B©#jnt#s r K2rr affiffli* n# 

SEtft&^v-!? 1 9X©iElifcfi:g<£##T l fc<kV>. 

i&<> !7>> 77^ *>h£fr? 
[0 0 5 2] WZ> ±M<D®4\Z7F;-?&5\Z®m&?-? 
-9 1 9X£££LTX#fl©&«l£j£Tt?-hm#S 

cv&mmwm (\"<)V) 

X/U^SfrSiBBa***. *©fcft, fffli£©<s& 

at^t. ®$t# t : ?-?->7 i9xsi inx^isjicits-r 

[0053] jt-r. min^mthr, Hstw-rif- 
h s c ©sn&snt^ s c e ©x □ -7*$©^e*> e. 

[elJr&^v--? 1 9 X©* )!Wl$m*&s!>Z>j}miz-z>Z 

06tt^©£-h^SC©{2*&®{ft#SC* 

x B + x E 



xC=- 



o©x&grr&*a<> **«ea-e«iiiSr&-7-v-^ 1 9 

XSrX*|BjtS«-^JKT^SUTV5-5fc*, ttNl& 
WBJt ifc*&-r -5. S6IC*^T, 
<S^SCE*^®HJaiJD-rStl©Xn-73 8.k©20 
©ffHU&3 8 aX#3 8 b ( ©SHU Sn&XffiS 

SCE©l/^Jl/ (Sgi®) ABi RtfAB* £@1©£& 

XD-73 9±©2^>©tHffl^3 9 a;Rtf3 9 b (Jin 

^©w-ifflsnfcx^s^n^nx Ei si/xEi t-r 

■5) t?©^«m^-SCE©U-^Jl-AEi RtfAEz £ 

[0054] ^ne,tm©x^2fcc;^jv©wfflMB 
-€-n-6n©xD-^3 8&^3 9^«-rica*«> 

SJltOTti. -tUT. S&iBHf f| S C E © l^Jl/ 
(»!S) ©SlffiA t h -€-n^n©XD-^3 8 

3 9**WffiAt h£#|<2J.5£#©X&g£-Wen 

xBs^xEtnt, ^©.ks&se-esans. 

[0 0 5 5] 
[»9] 

xB 2 - x B, 



x B = x B 2 + 
[0 0 5 6] 

[ftl 03 

x E=xE 4 + 



ABi- ABi 



(At h-AB 2 ) 



xEj-xE 



(A t h-AE 2 ) 



AE 2 - AE, 

[0 0 5 7] IsiJffe'fT-^ 1 9X<DXjj\Pl<D<$fctyt 
-^2 0MligxClt -tn^ClgxBtxEt© 

tfj&£j!,&T;i 1 fcan?£. f©xigxc<£, 7777 

^*>Hc:J:9ft)££n-5II]ifil&7v-? 1 9X©XJ& 

mtfru?. -e©x^xctj^©j:-5i^sns. 

[0 0 5 8] 

Iftl 13 



if 



X B 2 *— r^r-(A t h-AB,)f x Bit ; : - (A t h-AE 2 )J 



AB 2 -AB t 



AE 2 -AEi 



[0 0 5 9] £n#X$^<hfr££5K^XAXx-^ 



»4, E9 6 ©Mi^SCEOXD-y3 8 2fctf3 9(7) 

•r»^-* 1 9xofis«)rt«>fi^*tigi;8afca 

(a) (Cfe^T, -tn6 2je#©TWB©*»S 7®fcf 



50 



n, ')XAXf-^2 0±«ttW« (* 1 0 a 

etf«»teseft-rs - ch^nii^t ut^s. ^-<ofc», 
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fi9J*.fcmP8¥ 3 - 9 2 0 AW&n^&WW-l - 13 3 3 

T, ±£©<fc5l~XD-7£itg|T-ifi^bT5777--f 
Ttt. EifrgHFv-i' 1 9X©tr>7^P©± l/2&_h 

[o o 6 U ^T^ro^tLr. 01 ©£*&&& 

tfi&2 6rt©A/D^*iS2 9 A~2 9C«I*itj--5-9-> 
T/U^f U-Hfc*<«JfcU fl/Ur- i>2 0&Ei 
iiC^rit bfc±T'0 6 ©£*&«fi!*f S C E^££8B&{5C 
»*fc,4i£2 3 BfclRDii*. ^fflffltCioTHUr^ 
v-i' 1 9X©^OX^g$SLtHbTt><t^o ££3 
t?. fflM*M4 (a) K^-fJ:5tC. '\f-d^''f>^ 

*rm7XA±©jiB»II:«3 5X*©^$<bisinT^ 

.to, tr-hm#SA-sc©t:-hrasEsi:t«iS5<ft; 

S#[fili:lal$T*&^?- ; 5; 1 9 X©j£37j|S)ijWre&s 

«^©tf-sm#scsif-h^sc (+) tu-s 

0 7 (a) (C*-r<fc5l^ £-hf§#SC (+) tt 
[0 0 6 2] ^#«S©Sitns*|6)i:|5]tffl&?-7- 
CSH-h«^SC (-) fTSfc. 07 (b) \ZtH? 

&o\Z, tr-hfi^sc (-) «##©tf-b«^sc 
.fcO^S&Ki&S. 0 7 (a) Ktf (b) ©£2©fcf 
-hfg^SC (+) KtfSC (-) OHttSv, 
v- f?2>t, AOM4A&rX4B©^p|JfaJtSc©^A 
f (= f i -f 2 )t, tfXAXx— 72 0©itlE3SKv 

^»SCB^©± 5 tl-5. 
[0 0 6 3] 

[»12] v + =Af + v/P, v- =Af±v/P 
^n^t), EHIC*lt5SM«8^ffi^2 6tf©o-/1X 
7^Jl/^laISS2 8A~2 8CICfc^Ttt> DvV*7m 
iSSttt (Af-v/P) Jct)/jN$<-r-5^®^$.»5, JE 
\Z (1/2) (Af-v/P) «k0/h^<-r-5it*tM 

St, e-h<g^©&&$ (iS(@©^b) KttbTfcJS 
&bfc<fcoTb*-5©T. 23t*©^S>M«E3 5XX 

tilntfr^T v— i 9x©s^©(*3. is wad ©S3 £ 

[0 0 6 4] 07 (a) Xte (b) ©hf-hffHfi&AC 
ft-yT'D >^l§&2 7C£^bTD-AX7-rJV$'[iIJ& 

2 set wn©s-&Tt)08j^-r«fc5^ 
Sffiant^scEWsn-s. -tr-e, ;i©«^sce 



(9) #B§¥7-248 2 0 8 

xE' ^ne>0*^©Mgl(C9XAX5 1 ->'2 

0S:ffi«|-r«.^i(Cj;O, 777M^>h«7T 
S. £©«-&, BSfflAth' £«-5|©t:-5>teAP* IX 
ilttT^fflMa^Htfci (IP*,. a-AP' ) t 

7XA©&ffi©:tRli M7L\%7*YV 
>>X blSilC«kSiP#) ^©MHtctO^^S^bb 
&-f£RMAth' gHS-S^&O, •?■© 
t#©27fe*©J!W««ct|Bl!ff<&7v-i7 1 9Xt<Dm 

w&m-tzrz&o. 5~o. 7ga©ffl^a*bv>. 

[0 0 6 5] Sfc&#&7775K*>h£fT5t;:«u 

hm^©^»i5*^< ^•575[6j»C7XAX-7-^ 2 

o^s-rs^td^*b^„ ^©«-&ich, t-hffi 
€r^fc«>. m«©e3«s««'5ffiS : &j;t)jEflUc^»«) 

[0 0 6 6] £fc> BlfcfeVvc, ft®&m§32 5A~ 

a? 2 5c*^©tf-hffi^sA~scttitsj^*ji)as 

•&^^i'5*AC*^7'J>^ <2«f*S£> 082 7 A 
~2 7 CS^-bTO-/tX7^;^lslfS2 8A~2 8 C 

\zmfrtlT\>>5>. Z<D^\Zlt. 3tffife$W\-i AX7 
-<;)^£bTfi!)£, 0!I;U£09 (a) i^-Tk*-hffi# 
SC#, AC#s>7"U>;?'Ih]S&2 7 C£:frbT0 9 
(b) tC*-ri'5^»S^SCli:&-5o AC^yT" 
'J >2/|a!82 7 A~2 7 C©W*fi1ICtt. £8&|aISS#A 
oTH5fc», a-AX7^$M§I&2 8CtC«£Sftf8 
^SC1©IE<M tt«S^Cfiffl£IE<ll«CiJT^bitfit 
50 **{H:l&3n. D-AX7^^|5IjJS2 8CA»6«, 

0 9 (c) lc*-r<fc5K:fcr-b«^SC©ft$SI«*|S 

[0 0 6 7] >A\Zs 02KM9, V3 5/hfi«3 2©Y 

#iRi^©7 5'f;*>h-£fT'5f;:«, Yiffl©75i'^> 

hUsS^ 6->3? 3 2 ©jfi$©!8««i£ 3 5 Y \Z 

mmtnt2^emznvx. ^xaxt— 72osr^-b 

TYtt©laI»ffeT-7-^ 1 9Y£ifc$U ^f»nfct- 

hm#(c»^^TEi»f^T-^ 1 9 Yo&mzmmt 
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